The unit-cell parameters for a benzene solvate of o-furildioxime, C IoHaN204.¼C6H6, are a = 12.426 (4), b = 22.583 (6), c = 8.208 (2) A and fl = 90.10 (2)°;
Introduction
Due to the importance and wide applicability of 99mTC as a diagnostic tool in radiology (Subramanian, Rhodes, Cooper & Sodd, 1975) , our goal in this work was the synthesis of clathrochelates of Tc. Preliminary work has been carried out with Re because it is chemically similar to Tc and has no radiation hazard. Fergusson & Gainsford (1964) reported that a trisfurildioxime Re complex could be formed starting with furildioxime and K2ReC16. In the light of this work and Boston's approach to making clathrochelates from tris-dioxime complexes and capping agents (Boston & Rose, 1968 , 1973 Jackels, Zektzer & Rose, 1977) , we attempted a similar synthesis of the tris-furildioxime Re complex. Red crystals resulted from a synthesis employing KEReC16, furildioxime and aqueous ammonia. These crystals were found suitable for the single-crystal X-ray diffraction study described in this paper. The crystals do not contain amounts of Re detectable in the X-ray experiment and consist simply of molecules ofa-furildioxime and benzene. 0567-7408/82/041169-04501.00
Experimental and structure solution
A sample of K2ReC16 [0.49 g (1.0 mmol)] was dissolved in 30 ml H20 and stirred for 30 min under N 2. 0.76 g (3.5 mmol) of commercially available (G. F. Smith) furildioxime* dissolved in 4 ml acetone was added to the K2ReC16 solution with stirring with no color change, then 0.68 ml 28% aqueous ammonia solution was added to the ReC162--furildioxime system over a 45 min period. The solution changed to a reddish color on addition of the first drop of the ammonia solution, became more violet as the addition continued, and finally deposited a violet solid. After stirring overnight under N2, the solution was filtered in the air and the violet solid collected. Ether was added to the solid, causing much of it to dissolve and giving a red-violet solution. The solution was filtered and a small amount of it was placed in a flask with two drops of water, to which benzene was then added. The solution was slowly evaporated, yielding a very few small red crystals, one of which was used in the X-ray study.
Three-dimensional diffraction data were collected from a crystal of approximate dimensions 0.2 × 0.6 x 0.06 mm using a computer-controlled four-circle diffractometer (2 = 0.71069 A, a~--20 scans, scan rate 2 ° min -~ in 20, 20 s backgrounds on either side of the reflection, nine standard reflections). The systematic absences (hOl, l = 2n + 1; 0k0, k = 2n + 1) indicated the space group P2~/c. A complete data set was collected to a 20 value of 45 ° . Due to the large proportion of weak reflections in the range 45 o < 20 < 50 ° , this shell of data was not completed. The standard reflections indicated radiation damage of less than 1%. No absorption correction was applied since measurements of a reflection at Z = 90 ° as a function of ~0 did not indicate the need for one. The linear absorption * Typical analyses of commercial samples of furildioxime show that they consist of approximately 50% a and 50% y isomers (see Fryer, Galliford & Yardley, 1963) . coefficient for the correct unit-cell contents is 0.12 mm-1.
Analysis of the Patterson map suggested a possible site for a Re atom, but this failed to lead to development of a satisfactory model. MULTAN was then applied in an automated mode and yielded a set of connected atoms recognized as a furildioxime molecule. This provided the initial phases, and an additional part of the structure, a second furildioxime molecule in the asymmetric unit, was obtained by inspection of electron density maps after least-squares refinement of the first molecule. At an R (= Z [IFol -IFcl[/~. [Fol) of 0.236, the remaining density in a AF map was identified as a benzene molecule at the center of symmetry, thus ruling out the presence of Re in the crystal. When MULTAN was re-run, using normalized structure factors calculated for the actual cell contents, connected atoms corresponding to both furildioxime molecules were found in the E map.
All the H atoms in the structure were evident in a AF map. Positional and isotropic thermal parameters for the H atoms were refined in one least-squares cycle keeping the other atoms fixed. The final refinement stages were blocked least-squares cycles of the nonhydrogen atoms only, minimizing the function ~ wlF o -IFcl 12 with weights of 1/a2(F). The scattering factors used for the C, N and O atoms were those of Cromer & Mann (1968) , and that of Stewart, Davidson & Simpson (1965) (4) 1.400 (4) C(1)-C(2) 1.439 (6) 1.441 (6) 1.442 (6) 1.456 (6) C(2)-C(3) 1.365 (6) 1.346 (6) 1.346 (6) 1.376 (6) C(3)-C(4) 1.431 (6) 1.409 (6) 1.404 (7) 1.405 (8) C(4)-C(5) 1.320 (7) 1.332 (7) 1-309 (8) 1.319 (7) C(5)-O(2) 1.363 (6) 1.374 (5) 1.375 (6) 1.369 (5) O(2)-C(2) 1.379 (5) 1.370 (5) 1.371 (5) 1.369 (5) Table 1 lists the atomic parameters, and Fig. 1 shows the thermal ellipsoids and numbering scheme for the model and bond lengths and bond angles for the benzene molecule. The atom labels are identical in the halves of each furildioxime which are denoted as A, B, C and D. Bond lengths, bond angles and some torsion angles are listed in Table 2 for the furildioxime molecules. The XRAY system (Stewart, 1976) and MULTAN (Germain, Main & Woolfson, 1971) were used for the crystallographic computations.
Origin of the red color
The red color of the crystals used for data collection must be due to small amounts of an adsorbed or entrained Re species since there is no significant electron density larger than 0.27 e A -3 remaining in a AF map calculated for the final model. Colorless crystals of furildioxime obtained from ether and benzene without any contact with K2ReCI 6 give a powder diffraction pattern identical to that generated from the three-dimensional data set for the red crystal, indicating that the red color is not an intrinsic characteristic of the furildioxime crystal.
Discussion
The halves of the furildioxime molecule are chemically identical, and the bond lengths and angles for the four similar moieties in the asymmetric unit are tabulated and compared in Table 2 . The bond lengths and angles are fairly consistent between the four half molecules. The standard deviations of the averages are two to three times the standard deviation of an individual observation, the latter being systematically underestimated due to the blocked least-squares refinement.
The bond lengths and angles are consistent with values obtained for other structures containing the furil and dioxime moieties (Carpy, Leger & Nuhrich, 1978; Filippakis & Schmidt, 1967; Gieren & Dederer, 1977) .
Clearly the short C(2)-C(3) and C(4)-C(5) distances are indicative of considerable double-bond character. Also, the bond lengths C(3)-C(4) and C(I)-C(2) are somewhat shorter than expected for C-C single bonds, contributing to the planar nature of each half of the molecule. The r.m.s, distances from the least-squares planes through the four half molecules are 0.065, 0.029, 0.103 and 0.040 A.
Co-planarity of the C-N-O plane and the fivemembered ring and the resulting steric interactions between O(1) and C(3) could contribute to the opening of the C(1)-C(2)-C(3) angle to over 135 °. However, bonding effects within the five-membered ring itself must also play a role since the same effect is seen in other furil groups.
The oxime group is also in reasonable agreement with other structures reported in the literature, although the C-N distance is somewhat longer than normally found. The oximes in this study are all in the a conformation as indicated by the torsion angles.
All four O-H groups in the asymmetric unit participate in hydrogen bonds with the four N atoms serving as acceptors. One of the oximes is hydrogen bonded to a centrosymmetrically related molecule, a bonding scheme commonly found in oxime structures (see Fig. 2a ). The other three oxime groups are involved in the hydrogen-bonding pattern shown in Fig.  2(b) .
Although the thermal parameters for the atoms in the benzene ring are considerably higher than for atoms in the rest of the structure, the bond lengths and bond angles for the ring are not unreasonable. The average C-C distance is 1.356 A and the average bond angle is 120.0 °. Van der Waals interactions must account for the lack of complete rotational disorder in the benzene molecule. Due to the uncertainty in the location of the H atoms of the benzene molecule, the detailed interactions limiting the rotation cannot be accurately determined.
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